rulation process (days 17-30 after conception) when the neural tube fails to close at the level of the brain or spinal cord (1, 2) .
There have been only a few North American studies in which the prevalence of anencephaly and spina bifida among Hispanics was specifically presented and compared with that in other racial/ethnic groups. These investigations have documented an elevated birth prevalence of anencephaly or NTDs among Hispanics (3) (4) (5) (6) (7) (8) (9) (10) (11) . In Feldman et al. ' s Brooklyn study (9) , the data source consisted of medical records from six Brooklyn hospitals, and persons of Hispanic ethnicity were largely of Puerto Rican origin. Hispanic origin in the national data (8) was a combination of persons of many Spanish origins, including Mexico, Cuba, Puerto Rico, South America, and Europe. The prevalences were based on discharge diagnoses in a nonrandom survey sample of participating hospitals, and are therefore not directly comparable to those of other population-based prevalence studies from North America.
The most relevant prevalence data are those for anencephaly in Texas and those of its counties bordering Mexico, from 1981-1991 (3-5, 10, 11) , and those for NTDs in Los Angeles County, California, from 1973-1977 (6, 7) . In these populations, most persons of Hispanic origin were of Mexican extraction. Unfortunately, none of the large urban centers in Texas have been studied specifically, and there has been almost no examination of spina bifida in Hispanics. In the most recent Los Angeles County study, both defects were studied but data were derived only from vital records and/or certificates; medical records were not used to verify or find cases. In addition, the study was conducted more than 15 years ago, prior to widespread screening and prenatal diagnosis of NTDs. An earlier Los Angeles County study for the years 1966-1972 utilized multiple case ascertainment methods in the determination of prevalence, but prevalence was not examined for Hispanics specifically (12) . Prevalence data are available for the City of Houston for the time period 1961-1972, but these numbers too were based only on vital records, and Hispanic prevalence was not determined specifically (13) .
To our knowledge, there have been no published studies of NTDs in large, urban Hispanic populations outside the East or West Coast of the United States. Furthermore, although explanations have been offered, the higher risk among Hispanics has not been adequately explained. Therefore, an epidemiologic study of NTDs was conducted in Harris County, Texas, an ethnically diverse urban county that includes Houston. The 1990 population of Harris County was 2.8 million, with a racial/ethnic percentage distribution of 54.2 percent white/Anglo, 19.2 percent African-American, 22.4 percent Hispanic, and 4.2 percent other (14) . The purpose of this investigation was to determine prevalence, evaluate risk factors, and focus on Hispanic risk. This paper discusses the descriptive aspects of the study; results from a case-control study are presented in a companion article (15) .
MATERIALS AND METHODS
Cases of anencephaly and spina bifida were identified from state vital record tapes as follows. For the years 1989, 1990, and 1991, tapes for Harris County residents were obtained (with institutional approval) from the Texas Department of Health. The first 3 months of 1989 were excluded from the study, because a new vital statistics system was initiated in Texas on April 1, 1989 . The number of resident live births for the period totaled 157,091.
Live birth cases were retrieved from vital records by using NTD codes in the congenital anomaly "checkbox" portion of the last half of the computerized birth record. Fetal death cases were captured from state fetal death tapes using either of the following: 1) an NTD code in the congenital anomaly section of the record, as above for live births; or 2) an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) cause-of-death code for anencephaly (code 740.0), craniorachischisis (code 740.1), or spina bifida (code 741.0 or 741.9) (16). Infant death cases were identified from the death tapes using the same ICD-9-CM codes as above. Infant death and live birth vital records were manually linked using personal identifiers (e.g., mother's last name and birth date, infant's birth date). This allowed for multiple sources of case ascertainment, as well as the collection of maternal and other exposure information for infant death cases.
To verify cases from vital records tapes and to ascertain additional cases, we invited all hospitals in or surrounding Harris County to participate in the study. Cooperation was complete. In the verification step, medical records departments pulled infant, maternity, obstetric, and/or prenatal records for each case retrieved by ICD-9-CM code from the automated vital record system. Medical records were located and reviewed for every case identified from the tapes (100 percent verification). Since the information in the medical record was assumed to be correct, tape cases were either confirmed or discarded.
To identify additional cases of anencephaly and spina bifida, we also asked hospitals to retrieve any live birth or infant death records for which the ICD-9-CM code 740.0, 741.0, or 741.9 was recorded in the discharge diagnosis (16) . Each infant death medical record was then linked to the live birth medical record,
Hispanic Origin and Neural Tube Defects. I. Descriptive Epidemiology 3 so that information on other variables could be collected and analyzed. Hospital cases occurring among late fetal losses (£:20 weeks' gestation) were captured using maternal codes in the recorded diagnoses (ICD-9-CM codes 655.01-655.03, "fetal CNS abnormality affecting management of the mother") (16) . Indexes of all hospital discharges were not systematically reviewed, but they were used in hospitals where ICD-9-CM-specific retrieval would have been problematic.
The code for craniorachischisis (740.1) was mistakenly not used to find cases among live births or infant deaths in facilities. However, the condition was searched for among fetal deaths in facility medical records, because less specific maternal codes of the 655 series were used to find NTD cases in mothers' charts. Craniorachischisis was included in the search of vital records, as noted above.
For the purpose of this study, "Hispanic" was defined as white, Spanish-surnamed. The non-Hispanic group consisted of white, non-Spanish-surnamed; African-American; and "other" categories. A Spanishsurname computer algorithm was used to determine Hispanic ethnicity. This algorithm, utilized by the Texas Bureau of Vital Statistics, compares an individual's last name with a surname list and examines the frequency and letters of the surname. Live birth denominators for the sex-specific prevalences were estimated from the sex distribution observed for the first 5 months of the 1991 birth cohort. This had been determined for an immunization study, and the sex proportions had not been analyzed for the entire 33-month birth cohort or for any of the calendar years.
As mentioned above, fetuses or infants with both anencephaly and spina bifida (n = 5, including craniorachischisis) were counted only as having anencephaly. In this study, encephalocele, which is a herniation of brain tissue, was not included as an NTD as it has been in some other studies.
Prevalence data are presented as confirmed cases among late fetal deaths (^20 weeks) plus live births, per 10,000 live births. To determine 95 percent confidence intervals, we used the method of Haenszel (17) as described by Lilienfeld et al. (18) for Poissondistributed variables (Harris County and comparison locations or subgroups with prevalence data based on less than 100 events). Confidence intervals for prevalence based on more than 100 cases (other locations, US data) were calculated using the binomial approximation to the Poisson distribution (19) .
RESULTS
For the 33-month study period, 59 anencephaly cases and 32 spina bifida cases (without anencephaly) were ascertained. Prevalence was 3.8 per 10,000 live births for anencephaly (95 percent confidence interval (CI) 2.9-4.9) and 2.0 per 10,000 for spina bifida (95 percent CI 1.4-2.8). Presented in table 1 are the overall and ethnic group-specific prevalences of anencephaly and spina bifida for Harris County relative to selected other studies. Included in this comparison table and depicted in figure 1 are the data from various locations and time periods recorded by other investigators.
Thirty-two (54 percent) of the 59 anencephaly cases were fetal deaths; the remainder (46 percent) were live births/infant deaths. For spina bifida, only two of the 32 cases (6 percent) were fetal deaths. The other 30 cases (94 percent) were found among live births.
The ratio of anencephaly prevalence to spina bifida prevalence was approximately 2:1 in 1989, 1: 1 in 1990, and 3 :1 in 1991 (figure 2). The defect-specific prevalences were statistically different in 1991 (p < 0.05).
For anencephaly, the Hispanic: Anglo prevalence ratio was 4.2 (see table 1 ). In figure 3 , Hispanic-and Anglo-specific prevalences of anencephaly in Harris County (6.7 and 1.6 per 10,000, respectively) can be compared with those in other locations and time periods. Relative to other studies, the prevalence of this defect among Anglos was notably lower in Harris County.
The prevalence of anencephaly among Hispanics was significantly higher than that in African-Americans (prevalence ratio = 2.2). Anencephaly prevalence among African-Americans was nearly twofold higher than that among whites/Anglos, but this racial difference was not statistically significant (p > 0.05). For spina bifida, Hispanic prevalence was significantly higher than white/Anglo prevalence (prevalence ratio = 2.0).
The male proportion was 0.36 for anencephaly and 0.56 for spina bifida. The female: male prevalence ratio for anencephaly was 2.2 (table 2). The prevalence of anencephaly was 5.3 (95 percent CI 3.8-7.4) among females and 2.4 (95 percent CI 1.5-3.7) among males. The sex difference for this defect was significant. Spina bifida prevalence was similar for females (prevalence = 2.0, 95 percent CI 1.1-3.4) and males (prevalence = 2.1, 95 percent CI 1.2-3.3) (table 2) .
Among Hispanics born with either defect, prevalences recorded for females were only slightly higher than those for males (see table 2 ). Among nonHispanics with anencephaly, the prevalence for females (prevalence = 3.9, 95 percent CI 2.3-6.1) was nearly six times higher than that for males (prevalence = 0.7, 95 percent CI 0.2-1.9). In sharp contrast, female spina bifida prevalence among nonHispanics (prevalence = 0.8, 95 percent CI 0.2-2.2) SPINA BIFIDA FIGURE 2. Annual prevalence at birth of anencephaly and spina bifida in Harris County, Texas, 1989-1991. Prevalence is defined as cases occurring among live births and fetal deaths (a20 weeks) per 10,000 live births. Bars, 95% confidence interval.
was one half that of non-Hispanic males (prevalence = 1.6, 95 percent CI 0.7-3.0).
Among males, anencephaly prevalence for Hispanics (5.8 per 10,000) was 8.3 times that observed for non-Hispanics (0.7 per 10,000). For males with spina bifida, the Hispanic: non-Hispanic prevalence ratio was 1.9, but the ethnic difference was not significant (see table 2 ).
Hispanic females experienced twice the anencephaly prevalence (7.8 per 10,000) and five times the spina bifida prevalence (3.9 per 10,000) as nonHispanic females (3.9 and 0.8 per 10,000, respectively; differences were significant) (table 2). The prevalence of anencephaly in public hospitals (prevalence = 7.0, 95 percent CI 4.8-9.9) was nearly three times that observed in private hospitals (prevalence = 2.4, 95 percent CI 1.6-3.5). Spina bifida figures were similar for public (prevalence = 2.2, 95 percent CI 1.1-4.0) and private (prevalence = 2.0, 95 percent CI 1.3-3.0) hospitals (table 2) .
DISCUSSION
The prevalence of anencephaly and spina bifida in Harris County, Texas, was lower than that observed for Los Angeles County in the 1970s. This is consistent with a declining national trend for NTDs that predated the widespread utilization of prenatal diagnosis (20) . However, the difference between these two demographically comparable urban counties could be partly explained by the temporal effect of screening for NTDs, which has had a substantial impact on the prenatal diagnosis and birth prevalence of these defects, particularly anencephaly (21) . This is supported by the much lower prevalence seen among Anglos (non-Spanish-surnamed whites) in Harris County recently than in Los Angeles 15 years ago. Anencephaly prevalence was also significantly lower among Anglos in Harris County than among Anglos in Texas in 1981-1986 (3) or Brooklyn in 1968-1976 (9). In contrast, prevalence among Hispanics was only slightly lower in Harris County in 1989-1991 than it was in Los Angeles County in 1973-1977. In Harris County, Hispanics are less likely than Anglos to be screened for NTDs and referred for prenatal diagnosis at the appropriate time, because they are three times more likely to have had late (7-9 months), no, or unknown initiation of prenatal care (14) . Once given a positive diagnosis, perhaps Hispanics are less likely to terminate an NTD-affected pregnancy for economic, cultural, religious, or other reasons. This would result in a higher recorded prevalence at birth for Hispanics relative to Anglos. In Harris County, pregnant women who rely solely on Medicaid or the public health care system are allowed to terminate their pregnancies only if their lives are in danger. Planned Parenthood offers pregnancy terminations through the 20th week for any reason, but this service is not easily affordable for lower income women (Susan Nenny, Planned Parenthood (Houston, Texas), personal communication, 1993).
Anencephaly prevalence for Harris County in 1989-1991 was similar to that for Texas in 1981-1986 (3) . In addition, Harris County's figure was comparable to that determined in 1986-1991 for all Texas counties bordering Mexico combined. However, prevalence among Hispanics was statistically higher for • Prevalence at birth, i.e.,.no. of cases among fetal deaths (stillbirths) and live births per 10,000 live births, t AN, anencephaly; SB, spina bifida; Cl, confidence interval. j Number of live births by hospital type was estimated from the percentage distribution among controls. § The "relative risk" ("RR   1^ was estimated by prevalence ratio (public vs. private, etc.).
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Harris County than for border county residents. This difference can be partly explained by the fact that the border county study relied only on vital records (10) in a manner similar to the statewide study carried out in Texas (3). In the current study, nearly 20 percent of all anencephaly and spina bifida cases among Hispanic mothers were found only by searching discharge diagnoses, because they were not included in the vital record system. A different pattern was demonstrated when a comparison of prevalences was made between Houston/ Harris County and Brownsville/Cameron County, Texas. The overall prevalences of anencephaly and spina bifida in Cameron County were much higher than those for Harris County, particularly in 1990-1991 (11). Case ascertainment methods were similar in both the Harris County and Cameron County studies in that ascertainment was based on vital record tapes, birth/death certificates, and medical records. Several other Texas counties have a high prevalence of anencephaly, even without inclusion of cases ascertained only from medical records (10) . Perhaps the higher prevalence in specific border counties is due to some environmental/occupational, dietary, other, or unknown cause that is particular to these counties. An alternative explanation is that the population and economic circumstances of these specific counties resemble those of Mexico more than the rest of the Texas, so that the rates should be compared with the higher rates published for Mexico (22) .
In Harris County, African-Americans were at nearly two times greater risk for anencephaly than whites/ Anglos (prevalence ratio = 1.9). This is in sharp contrast to what was recorded for Texas in 1981-1986 (prevalence ratio = 0.6), Los Angeles County in 1973-1977 (prevalence ratio = 0.7), and Brooklyn in 1968-1976 (prevalence ratio = 0.7) (3, 7, 9) . The reversal of this African-American: white ratio for anencephaly in the more recent Harris County study is consistent with the more elevated Hispanic: Anglo prevalence ratio observed in Harris County. It is possible that African-Americans, like Hispanics, are less likely than whites/Anglos to receive a prenatal diagnosis or to terminate a pregnancy affected by anencephaly because of cultural, religious, or socioeconomic reasons. This would result in underascertainment of white/Anglo cases in infants that did not survive to ^20 weeks' gestation. If this were true, a higher relative prevalence at birth would be recorded for African-Americans relative to whites/Anglos, resulting in a higher apparent risk for African-Americans. The recent increase in blood screening for NTDs might explain the departure of our results from older studies, in which African-Americans' rates were generally lower than those seen among whites.
In contrast, for the same four studies over the same time span, the Hispanic : African-American prevalence ratios were similar: 2.2 for Harris County (1989-1991), 2.1 for Texas (1981-1986), 2.5 for Los Angeles County (1973) (1974) (1975) (1976) (1977) , and 1.8 for Brooklyn (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) . What needs to be made available and examined carefully are the ethnic group-specific NTD detection and diagnosis rates and the ethnic group-specific termination rates prior to 20 weeks' gestation, given a positive diagnosis of anencephaly.
The higher prevalence of anencephaly among females is consistent with numerous other studies (2, 3, 12) . Generally, the male proportion is lower in areas or groups with high anencephaly prevalence, at least in populations of European extraction (23) . The male proportion in Houston/Harris County (0.36) was higher than the North American average (0.32) and similar to that in Los Angeles County (0.37), which was noted as a "low-prevalence" area 25 years ago (12) : The male proportion in the Houston area was lower still (0.18) in non-Hispanics (a low-prevalence group) and higher (0.49) in Hispanics, a higher-prevalence group.
Several explanations are offered for the sex difference. The male proportion for anencephaly increases with gestational age and birth weight (23) , but these factors were not specifically analyzed. It could reflect differential survival of males and females or sex differences in early development. There may be differences in susceptibility to teratogens (23) .
Perhaps our findings have a genetic basis. Hispanics experienced a statistically higher prevalence of anencephaly than did non-Hispanics, but the difference was more pronounced for male births (relative risk = 8.3) than for female offspring (relative risk = 2.0). For spina bifida, the opposite patterns were observed. This suggests a genetic cause or an interaction between Hispanic origin, sex, and type of defect. However, it may also represent low study precision (only four cases of anencephaly in non-Hispanic males and four cases of spina bifida in non-Hispanic females). Two other published studies have presented prevalence figures for each combination of Hispanic origin and sex (3, 9) . In the descriptive Texas study, this type of interaction was not demonstrated (3). In the Brooklyn study, a similar sex pattern was suggested for Hispanics, who were mostly of Puerto Rican origin (9) . This issue warrants further investigation. The higher prevalence of anencephaly relative to spina bifida was consistent with data from Houston (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) , Cameron County, Texas (1990 Texas ( -1991 , Los Angeles County (1973) (1974) (1975) (1976) (1977) , San Diego County (1982) (1983) (1984) (1985) , and the state of California (1982-1985) (7, 11, 13, 24) . In all of these studies, there was a sizeable Mexican population, and cases were ascertained partly or entirely from vital records. Perhaps the anencephaly: spina bifida ratio has been elevated in more recent years or higher in areas where Hispanics make up a significant proportion of the population. This might explain why the ongoing metropolitan Atlanta, Georgia registry, with multiple case ascertainment methods but no appreciable Hispanic population, records a reverse pattern of spina bifida prevalence that is nearly twofold higher than anencephaly prevalence (25) .
The Harris County findings are not consistent with an earlier Los Angeles County study using multiple case ascertainment methods (1966) (1967) (1968) (1969) (1970) (1971) (1972) , in which an anencephaly: spina bifida prevalence ratio of 1.0 was recorded (12) , or a Mexican vital records study, in which a prevalence ratio of 1.1 was reported (22) . Furthermore, the current findings are not in line with a recently published California registry study, in which the anencephaly: spina bifida prevalence ratio was 0.7 (2.7/3.8) for the period 1983-1987 (26) . It is important to consider the possibility that in the current study, case ascertainment was more complete for anencephaly than for spina bifida, or that Harris County during this time period was a high-prevalence area for anencephaly relative to spina bifida.
Of course, care should always be taken in comparing studies conducted in different geographic locations and time periods, because of differences in ascertainment, nomenclature, and prenatal diagnosis criteria (27) . One example is how cases with both anencephaly and spina bifida are classified. In this study, such cases were included only in the anencephaly category.
Underascertainment might have resulted in a slightly lower prevalence of spina bifida relative to anencephaly. Both defects were captured similarly by code from medical records and the "Congenital Anomalies" section of the live birth and fetal death vital record tapes. Both defects could also be retrieved from fetal death and infant death vital record tapes using an ICD-9-CM code for the underlying cause of death. This is less likely to be successful for spina bifida, because unlike anencephaly, it is not often a cause of fetal or infant death. In addition, we were able to utilize as one data source a certificate number line list of anencephaly and craniorachischisis cases from vital records that had been compiled by the state's Environmental Epidemiology Program in its ongoing anencephaly surveillance project. Such a list was not available for spina bifida. The underidentification of spina bifida cases that might have resulted from the latter two ascertainment deficiencies was probably offset by the detection of all (or nearly all) spina bifida cases through the search of discharge diagnoses at birth hospitals. This is addressed in detail in another paper concerning NTDs and the validity of vital records (Canfield et al., Texas Department of Health, unpublished manuscript).
The definition of "Hispanic" used here warrants some final discussion. Self-stated Hispanic designation is more valid and is preferred over a Spanishsurname algorithm, but the latter was chosen for two reasons: 1) so that direct comparisons could be made with the Los Angeles County study by Strassburg et al. (7) and the Texas study (3) , in which Spanish-surname algorithms were also used; and 2) so that, in the analysis, there would be fewer cases of anencephaly and spina bifida with "unknown" Hispanic ethnicity.
Self-stated Hispanic designation is also subject to misclassification bias. Examples include parents who choose to record an alternate ethnic group for some reason (e.g., Hispanic instead of African-American or white/Anglo, or white/Anglo instead of Hispanic). One Texas study demonstrated, using sensitivityspecificity analysis, that there is not much difference in the two classification systems. The decision to identify oneself or a family member as Hispanic may be influenced by the prevailing social climate (28) .
In summary, a significantly higher prevalence of both anencephaly and spina bifida was documented among Hispanics in Harris County. The higher anencephaly rates among Hispanics, African-Americans, and those using public hospitals in an era of NTD screening, prenatal diagnosis, and elective pregnancy termination suggest that socioeconomic and perhaps cultural/religious factors might influence the recorded birth prevalence of this defect in particular groups.
